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Effect of imbalance between energy and nitrogen supplies on microbial
protein synthesis and nitrogen metabolism in growing
double-muscled Belgian Blue bulls1
D. Valkeners2, A. The´wis, F. Piron, and Y. Beckers
Faculte´ Universitaire des Sciences Agronomiques,
Passage des De´porte´s, 2, B-5030 Gembloux, Belgium
ABSTRACT: Six double-muscled Belgian Blue bulls
(initial weight: 345 ± 16 kg) with cannulas in the rumen
and proximal duodenum were used in two juxtaposed
3 × 3 Latin squares to study the effect of a lack of
synchronization between energy and N in the rumen
on microbial protein synthesis and N metabolism by
giving the same diet according to three different feeding
patterns. The feed ingredients of the diet were sepa-
rated into two groups supplying the same amount of
fermentable OM (FOM), but characterized by different
levels of ruminally degradable N (RDN). The first group
primarily provided energy for the ruminal microbes
(14.6 g of RDN/kg of FOM), and the second provided N
(33.3 g of RDN/kg of FOM). These two groups were fed
to the bulls simultaneously or alternately with the aim
of creating three different time periods of imbalance (0,
12, or 24 h) between energy and N supplies in the ru-
men. The introduction of imbalance affected neither
microbial-N flow at the duodenum (P = 0.65) nor effi-
ciency of growth (P = 0.69), but decreased (P = 0.016)
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Introduction
Balancing the supply of N- and energy-yielding sub-
strates to ruminal microbes has been proposed as a
mechanism for maximizing the capture of ruminally
degradable N (RDN) and optimizing microbial growth
rate and efficiency in ruminants. For the past 10 yr,
different trials have been conducted to test the “syn-
chrony” hypothesis and different methods used to
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the NDF degradation in the rumen 12.2% for a 12-h
period of imbalance. N retention was not affected by
imbalance (P = 0.53) and reached 57.8, 58.5, and 54.7
g/d, respectively, for 0-, 12- and 24-h imbalance. It
seems that the introduction of an imbalance of 12 or
24 h between energy and N supplies for the ruminal
microbes by altering the feeding pattern of the same
diet does not negatively influence microbial protein syn-
thesis or N retention by the animal. Nitrogen recycling
in the rumen plays a major role in regulating the
amount of ruminally available N and allows for continu-
ous synchronization of N- and energy-yielding sub-
strates for the microorganisms in the rumen. Therefore,
a lack of synchronization in the diet between the energy
and N supplies for the ruminal microbes is not detri-
mental to their growth or for the animal as long as the
nutrient supply is balanced on a 48-h basis. Thus, these
dietary feeding patterns may be used under practical
feeding conditions with minimal effect on the perfor-
mance of ruminant animals.
achieve synchrony or asynchrony. Synchrony may be
altered by giving a specific form of energy and N directly
into the rumen in complement of a basal diet (Kim et
al., 1999a,b) or by changing dietary ingredients (Witt
et al., 1999a,b). These last studies have produced con-
flicting results, which may confound the potential effect
of synchrony with the effect due to the different feed
ingredients used (Dewhurst et al., 2000). One alterna-
tive way of improving synchrony using the same feed
ingredients is to change the feeding pattern, either by
increasing feeding frequency or by feeding different
combinations of the same ingredients in different meals
(Dawson, 1999). In this type of experiment, scarce con-
clusive evidence has been presented that shows positive
effects on microbial protein synthesis (Ludden et al.,
2002) or N retention (Richardson et al., 2003). The ab-
sence of a detectable effect on microbial protein synthe-
sis and the lack of clear animal benefits of diets balanc-
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ing the supply of N and energy-yielding substrates to
ruminal microbes suggest that achieving an instanta-
neous synchrony is not that crucial to diet formulation
(Sauvant and van Milgen, 1995) and that ruminants
and their microbes have developed mechanisms to over-
come the effects of a lack of synchrony (Dawson, 1999).
The objective of the present study was to examine
the effects of various periods of imbalance between N
and energy supply for the ruminal microbes on double-
muscled Belgian Blue (dm-BB) digestion and N metab-
olism. This was done by giving the same feed ingredi-
ents according to three different feeding patterns.
Materials and Methods
Animals
Six dm-BB (initial weight = 345 ± 16 kg), each fitted
with a ruminal cannula (67 mm i.d.) and a T-type can-
nula at the proximal duodenum, were individually
penned (1.5 × 2.5 m). Fresh water was available at all
times. The experimental protocol was approved by the
University of Gembloux Animal Care and Use Commit-
tee (protocol No. 00/10) and followed the guidelines is-
sued by the committee on care, handling, sampling of
the animals.
Diet and Feeding Regimen
The bulls received the same diet according to three
different feeding patterns at an intake level of 85 g of
DM/kg0.75. Adaptation to the diet lasted 21 d before the
first period and 15 d between the other periods. Feed
was offered twice a day in equal amounts at 0830 and
2030. The diet was made up of 91% concentrates and
9% of wheat straw. The diet supplied 97 g of intestinal
digestible proteins (DVE) and 1,842 kcal of NE for fat-
tening (NEF) per kilogram of DM according to the
Dutch system (Van Es and Van der Honing, 1977; Tam-
minga et al., 1994). The degradable protein balance
(OEB value in the Dutch system) of the experimental
diet amounted to 0 g/kg of DM and corresponds to the
optimal OEB value for a diet according to the Dutch
system. This OEB value is equivalent to a ratio between
RDN and fermentable OM (FOM) equal to 24 g/kg,
which is close to the optimal ratio of 25 g of N/kg of
OM truly digested in the rumen proposed by Czerwaski
(1986). The OEB value shows the (im)balance between
microbial protein synthesis potentially possible from
ruminal degradable CP and from the energy extracted
during anaerobic fermentation in the rumen (Tam-
minga et al., 1994). When the OEB value is positive for
a diet, potential loss of N from the rumen occurs,
whereas a negative value means a shortage of ruminal
degradable CP and the microbial activity may be conse-
quently impaired.
The feed ingredients of the experimental diet were
separated in two groups supplying the same amounts
of DVE, NEF, and FOM, but different amounts of RDN.
Table 1. Ingredient and chemical compositions and nutri-
tive value of the two groups of feed ingredients
Group of feed ingredients
Item LRDNa HRDNb
Ingredient composition, % of DM
Spelt 11.7 20.4
Dehydrated sugarbeet pulp pellets 35.5 24.5
Coarsely ground maize 18.6 10.1
Coarsely ground peas 2.0 10.2
Soybean meal 0.8 3.4
Coconut meal 10.2 1.2
Rapeseed meal 1.5 10.2
Alfalfa pellets 8.0 6.6
Soybean oil 1.7 2.5
Urea — 0.9
Minerals and vitamins mixturec 1.0 1.0
Wheat straw 9.0 9.0











Nutritive value of DMd
NEF, kcal/kg of DMf 1,842 1,842
DVE, g/kg of DMg 97 97
OEB, g/kg of DMh −30 31
aLRDN = part of the feed ingredients of the experimental diet
theoretically deficient in ruminally available N according to the Dutch
system.
bHRDN = part of the feed ingredients of the experimental diet
theoretically providing ruminally available N in excess according to
the Dutch system.
cComposition, %: Ca, 8; P, 12; Na, 4.0; Mg, 2.5; (mg/kg): I, 50; Co,
50; vitamin E, 150; (ppm): Fe, 6,000; Cu, 1,000; Mn, 3,000; Zn, 6,000;
Se, 20; (IU/kg): vitamin A, 600,000; vitamin D3, 120,000.
dValues derived from the Dutch nutritional tables (CVB, 2000).
eNFC = nonfiber carbohydrates (g/kg DM), calculated as 1,000 −
(CP + NDF + ether extract + ash).
fNEF = net energy for fattening, calculated according to the Dutch
system (Van Es and Van der Honing, 1977).
gDVE = intestinal digestible proteins in the Dutch system (Tam-
minga et al., 1994).
hOEB = degradable protein balance in the Dutch system (Tam-
minga et al., 1994).
Ingredient composition, actual chemical composition
and tabular nutritive value (CVB, 2000) of the two
groups of feeds are presented in Table 1. No forage was
fed separately. The first group (HRDN) provided the
bulls with all the major protein sources (coarsely
ground peas, soybean meal, rapeseed meal, and urea)
of the experimental diet and was characterized by a
tabular OEB value of 31 g/kg of DM, which corres-
ponded to a RDN:FOM ratio of 33.3 g/kg. This part of
the diet was supplied to the ruminal microbes RDN in
excess compared with the available FOM. On the other
hand, the second group (LRDN) was characterized by
an OEB value of −30 g/kg of DM, which corresponded
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Table 2. Illustration of the three different feeding patterns
of the experimental diet fed to bulls to induce different
time periods of imbalance between energy and N supplies
for ruminal microbes either of 0 h (D0), 12 h (D12), or 24
h (D24)
Feeding time
di di + 1
Treatment 0830 2030 0830 2030
D0
Type of meala ¹⁄₂ LRDN ¹⁄₂ LRDN ¹⁄₂ LRDN ¹⁄₂ LRDN
+ ¹⁄₂ HRDN + ¹⁄₂ HRDN + ¹⁄₂ HRDN + ¹⁄₂ HRDN
OEB, g/kg 0 0 0 0
of DM
D12
Type of meal LRDN HRDN LRDN HRDN
OEB, g/kg −30 31 −30 31
of DM
D24
Type of meal LRDN LRDN HRDN HRDN
OEB, g/kg −30 −30 31 31
of DM
aLRDN = part of the feed ingredients of the experimental diet theo-
retically deficient in ruminally available N according to the Dutch
system; HRDN = part of the feed ingredients of the experimental diet
theoretically providing ruminally available N in excess according to
the Dutch system. See Table 1 for other definitions.
to a RDN:FOM ratio of 14.6 g/kg. According to the Dutch
system, this part of the diet had a low RDN content in
comparison with the available FOM.
The experimental diet is fed to the bulls according to
three different feeding patterns, so that three different
time periods of imbalance between energy and N sup-
plies for the ruminal microbes were created. The three
feeding patterns of the diet are illustrated in Table 2.
The first feeding pattern of the diet (D0) consisted of
giving the two groups of feed ingredients (LRDN and
HRDN) in equal amounts at each meal. Therefore, the
energy- and N-yielding substrates to the ruminal micro-
organisms were considered synchronized, as the OEB
value was zero at each meal. The second pattern (D12)
consisted of giving only LRDN at the morning meal and
only HRDN at the evening meal. An imbalance of a
time period of 12 h between the energy and N supplies
for the ruminal microbes was thus experimentally cre-
ated. However, the OEB value per day was zero, and
the same feed ingredients were ingested on a 24-h basis.
The last feeding pattern (D24) consisted of increasing
the imbalance period to 24 h by alternately feeding
LRDN for two meals one day, and HRDN at two meals
the day after. On a 48-h basis, the OEB value was
zero and the same amounts of LRDN and HRDN were
ingested compared with D0 and D12.
Digestion was measured using chromic oxide (Cr2O3)
as an indigestible flow marker. From 5 d before the
sample collection and continually thereafter, 3 g of
Cr2O3/kg of DMI were administered to each bull twice
daily, just before the meal, intraruminally via gelatin
capsules (Milton et al., 1997). Bulls were weighed at
the beginning of each treatment period before the 0830
feeding, and ingestion of DM was adjusted to the meta-
bolic weight for each animal.
Experimental Protocol
and Sample Collection
The six bulls were allocated to three treatment peri-
ods in two juxtaposed 3 × 3 Latin squares separated by
a 15-d rest period. The treatment period lasted 23 d
and included digesta (duodenal and fecal), blood, and
ruminal fluid collections. Refusals were collected daily
before the morning feeding, weighed, and dried at 60°C.
Samples of each group of feed ingredients were obtained
each time LRDN and HRDN were mixed, ground to
pass a 1-mm screen (Cyclotec 1.093, Foss Tecator AB;
Ho¨gana¨s, Sweden), and pooled by period on an equal
weight basis.
Urine was collected during the first 10 d of each treat-
ment period with an adaptation of the apparatus as
described by Veenhuizen et al. (1984). During the collec-
tion, urine was acidified with 4 N H2SO4 to pH 3 at
0900, 1700, and 2100 to avoid N losses. Total urine
collection was weighed every morning at 0900, sampled,
and frozen at −20°C. The majority of the fecal outputs
were simultaneously collected into a container placed
under each animal, sampled daily at 0830, and frozen
at −20°C.
Duodenal samples (approximately 400 mL) were col-
lected on d 11 to 15 to cover 48 h by 3-h steps. For each
collection, 100 g of duodenal contents was immediately
used to extract liquid associated bacteria according to
the method described by Poncet and Re´mond (2002).
Moreover, the solid-adherent bacteria were extracted
according to the method developed by Legay-Carmier
and Bauchart (1989) for rumen samples. The rest of
each duodenal sample was frozen at −20°C.
On d 16, central venous catheters (polyurethane ali-
phatic, Plastimed, Le Plessis Bouchard, France, No.
67262J17) were inserted into one of the external jugular
veins of each bull after an i.v. injection of analgesic
(xylazine 2%; 0.08 mL/100 kg of live weight). On d 17
and 18, blood samples (20 mL) were slowly collected
into two heparinized tubes (143 IU/10 mL) every 2 h
during 48 h.
The last 5 d of each treatment period were devoted
to ruminal fluid collection. The rumen was sampled at
0, 1, 2, 3, 4, 6, 8, and 10 h after each meal to cover 48 h.
Laboratory Analyses
Concentrates, wheat straw, and orts pooled per ani-
mal at each treatment period were ground to pass a 1-
mm screen (Cyclotec 1.093, Foss Tecator AB) before
DM, OM, ether extract, Kjeldahl N (AOAC, 1990), NDF,
and ADF (Van Soest et al., 1991) analyses were con-
ducted. The NDF was determined without use of so-
dium sulfite but with the addition of 200 L of amylase
(Thermamyl 120, Novo Nordisk; Bagsvaerd, Denmark)
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for the last 30 min of boiling. After freeze-drying and
grinding (1 mm), DM, OM, N, NDF, and Cr2O3 (Franc˛ois
et al., 1978) were measured in feces pooled per animal
and per period. Urinary N was also analyzed (AOAC,
1990).
Blood was centrifuged at 1,200 × g for 15 min immedi-
ately after sampling. Plasma was removed and frozen
at −20°C until further analyses. After thawing, plasma
urea N (PUN) was measured (Sigma kit No. 16-11).
This procedure was automated with a Vitalab 200 and
200R (Vital Scientific NV, AC Dieren, The Neth-
erlands).
The pH of ruminal fluid was immediately measured
(microprocessor pH-meter, pH 320/SET, WTW, Weil-
heim, Germany) after sampling and filtration (250 m).
Supernatant from 1,200 × g centrifugation for 12 min
was frozen at −20°C after H2SO4 acidification to pH 3
until NH3 N determination. The NH3 N concentration
was determined by steam distillation using a Kjeltec
2300 analyzer unit (Foss Tecator AB).
Duodenal samples were freeze-dried, ground to pass
a 1-mm screen, and pooled per animal and period before
DM, OM, N, NH3 N, NDF, and Cr2O3 determinations
on the whole digesta. A small part was ground to pass
a .5-mm screen for the purine determination. Purine
content was measured with the method proposed by
Zinn and Owens (1986) adapted for the hydrolysis of
nucleotides by perchloric acid (Makkar and Becker,
1999) and for the wash solution used for washing the
precipitate of free purines with silver nitrate (Obispo
and Dehority, 1999). Duodenal bacteria samples were
freeze-dried, ground with a coffee grinder, and pooled
per animal and period before N, OM, and purine content
determinations.
Calculations and Statistical Analyses
Nutrient flows at the duodenum and fecal output
were calculated by reference to Cr2O3. The proportion
of microbial N flowing at the duodenum was calculated
by dividing the duodenal purine:N ratio by the corres-
ponding purine:N ratio in duodenal microbes. An endog-
enous N flow of 2.98 g/kg of OM to duodenum (Kim
et al., 2001) was applied for the fractionation of the
estimated duodenal nonmicrobial N into endogenous
and undegraded dietary N. Statistical analyses of N
balance, fecal and ruminal digestibility, and microbial
protein synthesis were conducted using the GLM proce-
dure of SAS (SAS Inst., Inc., Cary, NC). Data were
analyzed by ANOVA for two juxtaposed 3 × 3 Latin
squares. Model sums of squares were separated into
animal, period, and treatment. Differences between
means were compared using Dunnett’s t-test (Dagnelie,
1986). For the fermentation data collected and PUN
data, an additional analysis was performed using the
REPEATED statement within the GLM procedure of
SAS. Therefore, differences between means were com-
pared using Dunnett’s t-test (Dagnelie, 1986).
Table 3. Ruminal fermentation parameters and plasma
urea N of bulls fed the same diet offered in three feeding
patterns to induce different time periods of imbalance
between energy and N supplies for ruminal microbes
either of 0 h (D0), 12 h (D12), or 24 h (D24)
Treatmenta
Dunnet’s t-Test
D0 vs. D0 vs.
Item D0 D12 D24 SEMb P D12 D24
pH 6.42 6.37 6.45 0.03 0.209 0.245 0.467
Ammonia N, 8.8 9.9 10.0 0.91 0.944 0.328 0.279
mg/dL
PUN, mg/dLc 8.4 8.3 8.4 0.37 0.948 0.805 0.976
aTreatment means calculated over a 48-h period.
bn = 6.
cPUN = plasma urea N.
Results
Ruminal Fermentation Characteristics
and Plasma Urea N
The effects of the feeding patterns on ruminal fermen-
tation characteristics and PUN are shown in Table 3.
The mean pH calculated on a 48-h period (Table 3) and
the kinetics of pH values (data not shown) were not
different (P > 0.05) between the three feeding patterns
of the diet.
The means of ruminal ammonia concentration calcu-
lated on a 48-h period were not different (P > 0.05).
Kinetics of ruminal ammonia concentration exhibited
a cyclical trend between meals, but maximum concen-
trations during the 2 d, which were reached 1 h after
meal ingestion, were influenced by the group of feed
ingredients ingested (Figure 1). The ingestion by group
HRDN led to higher (P < 0.001) maximum concentra-
Figure 1. Ruminal ammonia concentration in bulls fed
the same diet offered in three feeding patterns to induce
different time periods of imbalance between energy and
N supplies for ruminal microbes either of 0 h (♦), 12 h
(), or 24 h (▲). Six observations per treatment mean.
Arrows indicate feeding times. Error bars indicate SEM.
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Figure 2. Plasma urea N in bulls fed the same diet
offered in three feeding patterns to induce different time
periods of imbalance between energy and N supplies for
ruminal microbes either of 0 h (♦), 12 h (), or 24 h (▲).
Six observations per treatment mean. Arrows indicate
feeding times. Error bars indicate SEM.
tions than the ingestion by group LRDN (44.5 vs. 12.1
mg/dL). The maximum concentration measured after
the ingestion of the two groups simultaneously led to
a value halfway between the two others. The time pe-
riod that ruminal ammonia concentration was below 5
mg/dL depended on the nature of the meal ingested.
When D12 and D24 ingested LRDN, this time period
lasted for an average of 9 h over the 12-h period. Con-
versely, after the HRDN meals of D12 and D24, the
ruminal ammonia concentration never decreased below
5 mg/dL. The time period obtained after the ingestion
of the two groups simultaneously by D0 led to a value
between the two others.
The means of PUN calculated on a 48-h period were
not different between the three feeding patterns (Table
3). However, the hourly evolution of PUN was greatly
influenced by the nature of the group of feed ingredients
ingested only with D24 (Figure 2). The consecutive in-
gestion by D24 of two LRDN meals led to a decrease of
PUN, whereas the consecutive ingestion of two HRDN
meals led to an increase of PUN compared with the
value obtained with D0 when LRDN and HRDN were
fed simultaneously. Depending on the nature of the diet
and the time after feeding, PUN measured with D24
could reach 60 to 150% of the PUN measured with D0.
Digestibility
Apparent ruminal and total-tract digestibility are
given in Table 4. The total-tract digestibility of OM
and NDF were not affected (P > 0.05) by the feeding
patterns. For the rumen, results showed numerical di-
gestibility differences between the three feeding pat-
terns, but differences were only significant for NDF
(Table 4). The feeding patterns did not affect ruminal
apparent or total-tract digestibility of N. Moreover, ru-
minal digestibility of N may be considered equal to
zero according to a conformity test of the mean (tobserved
< t0.975).
Flow of Nitrogenous Components
at the Duodenum
Duration of imbalance between energy and N sup-
plies for the ruminal microbes had no significant effect
on ammonia N, nonammonia N, or microbial N flows
at the duodenum. The partition of N at the duodenum
is presented in Table 4. Efficiencies of microbial protein
synthesis (EMPS) reached 27.9, 31.2 and 29.1 g of N/
kg of OMADR for D0, D12, and D24, respectively, and
were not affected by the duration of imbalance (P >
0.05). The numerical differences between the EMPS
reflected the numerical differences between the
OMADR as the microbial N flows to the duodenum were
not found to differ (P > 0.05).
Nitrogen Balance
Results of the N balance are shown in Table 5. Nitro-
gen intakes and fecal and urinary outputs were not
affected by the duration of imbalance (P > 0.05). Abso-
lute amounts of N retained and relative amounts ex-
pressed as a percentage of N intake or N digested were
not found to differ significantly because of the feeding
pattern of the diet and reached on average 56.6 g/d,
33.2% of ingested N and 49.4% of digested N, respec-
tively.
Discussion
This experiment compared three different feeding
patterns of a diet to measure the potential impact of
three different time periods (0, 12, and 24 h) of imbal-
ance between energy and N supplies for the ruminal
microbes on the digestion and the N metabolism of dm-
BB. In this way, the opportunity for synchronization of
energy and N release in the rumen is also tested.
According to the Dutch system, the feeding pattern
D0 targets the synchrony of energy and N release for
the microorganisms in the rumen. In practice, as the
apparent ruminal digestibility of N (−2.1%) may be con-
sidered equal to zero, the amount of feed N degraded
in the rumen was roughly equal to the amount used by
the microorganisms and thus, the recycling of urea N
in the rumen balanced the amount of ruminal ammonia
absorbed through the rumen wall and transferred to
the blood. The fecal and ruminal digestibility of OM
and NDF measured with D0 were consistent with those
generally measured on dm-BB fed with similar diets
(Beckers et al., 1995; Fiems et al., 1997). The EMPS
obtained with D0 (27.9 g of microbial N/kg of OMADR)
is in agreement with the average value of 24 g of micro-
bial N/kg of OMADR adopted for all diets by the Dutch
system (Tamminga et al., 1994). From these results, it
appears that the feeding pattern D0 created appro-
priate conditions in the rumen for the microorganisms
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Table 4. Intake, and ruminal and total-tract digestibility of bulls fed the same diet offered in three feeding patterns
to induce different time periods of imbalance between energy and N supplies for ruminal microbes either of 0 h (D0),
12 h (D12), or 24 h (D24)
Treatment Dunnett’s t-test
Item D0 D12 D24 SEMb P D0 vs. D12 D0 vs. D24
Organic matter
Intake, g/d 6,458 6,650 6,651 110 0.402 0.251 0.250
Apparent ruminal digestibility, % 41.1 36.2 38.3 2.4 0.396 0.188 0.433
True ruminal digestibility, % 55.3 50.6 52.3 2.0 0.305 0.139 0.326
Apparent total tract digestibility, % 72.4 71.7 71.5 1.0 0.809 0.641 0.547
Neutral detergent fiber
Intake, g/d 2,298 2,394 2,422 75 0.430 0.392 0.216
True ruminal digestibility, % 52.5 46.1 48.7 1.5 0.045 0.016 0.112
Apparent total tract digestibility, % 60.2 59.4 60.8 1.4 0.903 0.798 0.832
Ruminal:fecal digestibility ratio, % 87.2 77.6 81.2 2.6 0.080 0.097 0.390
Nitrogen
Intake, g/d 168.7 172.4 171.4 2.0 0.439 0.226 0.372
Duodenal flow, g/d
Total N 172.8 181.3 179.6 5.2 0.503 0.280 0.383
Ammonia N 4.3 4.4 4.8 0.3 0.528 0.819 0.297
Nonammonia N 168.5 176.9 174.8 4.9 0.489 0.263 0.396
Microbial N 70.1 73.5 72.6 2.6 0.646 0.381 0.516
Endogenous-Na 19.2 19.7 19.8 0.4 0.501 0.332 0.306
Undegraded-N 79.2 83.7 82.4 3.0 0.577 0.322 0.477
Apparent ruminal digestibility, % −2.1 −5.2 −4.9 3.3 0.769 0.520 0.569
True ruminal digestibility, % 52.9 51.4 51.8 2.0 0.876 0.630 0.723
Apparent total tract digestibility, % 67.5 67.8 67.3 0.9 0.925 0.838 0.857
aEndogenous N flow to duodenum: calculated assuming 2.98 g of N/kg of OM intake (Kim et al., 2001).
bn = 6.
and their activities. The N retention obtained during
this experiment with D0 (57.8 g of N/d) expresses the
ability of the dm-BB to grow rapidly (Hornick et al.,
1998; Froidmont et al., 2000). Assuming 22% CP in the
gain (De Campeneere, 2000), N retention observed with
D0 corresponded to an ADG of 1.64 kg/d., which is close
to the average ADG of 1.5 kg/d observed with the bulls
during the whole experiment.
Over a 48-h period, no differences (P > 0.05) were
noted between D12 and D24 average concentrations
Table 5. Nitrogen balance of bulls fed the same diet of-
fered in three feeding patterns to induce different time
periods of imbalance between energy and N supplies for




D0 vs. D0 vs.
Item D0 D12 D24 SEMb P D12 D24
Nitrogen
Intake, g/d 168.7 172.4 171.4 2.0 0.439 0.226 0.372
Fecal, g/d 54.7 55.2 56.1 2.0 0.878 0.855 0.625
Urinary, g/d 56.2 58.8 60.6 2.2 0.427 0.447 0.208
Retained, g/d 57.8 58.5 54.7 2.4 0.531 0.846 0.395
Retained, 34.4 33.9 32.0 1.1 0.332 0.759 0.169
% N intake
Retained, 51.0 50.1 47.7 1.9 0.486 0.748 0.258
% N digested
an = 6.
of ruminal ammonia compared with D0, although the
diurnal variation for this parameter was important.
With D12 and D24, a succession of periods of large
excess or deficiency in N supply for the microorganisms
was created. The introduction of an imbalance between
energy and N supplies for the ruminal microbes by
altering the feeding pattern of the feed ingredients had
a great influence on the ruminal fermentation charac-
teristics. The ingestion by the HRDN group led to a
large production of ammonia in the rumen following
the degradation of coarsely ground peas and urea in-
cluded in this group of feed. It is very likely that large
amounts of ammonia were lost from the rumen fluid
by absorption through the rumen wall and transferred
by portal blood to the liver to produce urea. According
to our results, the maximum ammonia concentration
in the rumen was followed 2 h later by the maximum
PUN. This delay between these two peaks was in
agreement with those observed by Gustafsson and
Palmquist (1993). Conversely, the ingestion of LRDN
led to a long period during which ruminal NH3 N was
below 5 mg/dL, which is generally considered to be the
minimum required for an optimal microorganisms
growth in the rumen (Satter and Slyter, 1974).
Although each animal received the same diet on a
48-h basis, the feeding pattern of the diet and the nature
of the group of feed ingredients ingested (LRDN,
HRDN, or both simultaneously) had a large influence
on the diurnal evolution of the ruminal ammonia con-
centration during this period, which could eventually
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impair microorganism growth and degradation activi-
ties. Duration of imbalance had no significant effect on
nonammonia and microbial N flows at the duodenum.
The EMPS obtained with D12 and D24 were not sig-
nificantly different compared with D0. The lack of re-
sponse to increased duration of imbalance between en-
ergy and N supplies for the ruminal microbes was in
agreement with results obtained in vitro (Newbold and
Rust, 1992) and in vivo (Casper et al., 1999). Henning et
al. (1993) postulated that, provided the overall balance
between ruminally degradable N and ruminally fer-
mentable OM in the daily intake is sufficient, there is
no further advantage in synchronizing the release of
energy and N in the rumen over the short-term. Fur-
thermore, our results tend to show that there were no
negative impacts on the microbial protein synthesis
when a 12 or 24-h imbalance between N and energy
supplies in the rumen was experimentally created.
For D12, the digestibility results showed a decrease
(P = 0.016) in the ruminal digestibility of NDF com-
pared with D0. For D24, the numerical digestibility
difference observed was not significant (P = 0.112). Con-
versely, total-tract digestibility of NDF was not affected
by the imbalance created. The NDF ruminal:fecal di-
gestibility ratios were high and tended to be lower with
D12 than D0 (P = 0.097). Because there were small
numeric increases in duodenal microbial N flows for
D12 and D24 in comparison with D0, this might suggest
that the differences among the treatments were the
result of differences induced by random variations in
marker recovery, which would lead to the simultaneous
decreases in OM digestion and increases in microbial
protein flow.
Because the N retention obtained with D12 and D24
did not differ from D0, it appeared that animal growth
was not affected by a lack of synchrony. The fecal N
digestibility was not influenced by the feeding patterns.
Feeding the diet with an imbalance of 12 or 24 h has
no significant impact on the utilization of the N digested
by the animal, and therefore the overall balance of nu-
trient for the tissues was not modified by the imbalance
of nutrient for the rumen.
A large extent of NH3 N excess in the rumen may be
excreted in the urine by growing ruminants (Dehareng
and Ndibualonji, 1994). In this experiment, urinary ex-
cretion of N was not affected by the feeding patterns.
Our results tended to show that the temporary excess
of ruminal degradable N was not lost in the urine in
bulls and the same amount of N could return in the
rumen during temporary N shortages. The ruminal re-
cycling of endogenous urea helps the animal and its
ruminal microbes to overcome deficiencies in the N sup-
ply and could minimize the effect of a lack of synchroni-
zation between energy and N supplies in the rumen
(Dawson, 1999). As suggested by Huntington and Archi-
beque (2000), that means that both ruminal ammonia
and body urea act together to smooth the short-term
variation in N supply from the diet. Nevertheless, N-
recycling mechanisms probably have limitations and
might not completely buffer higher ammonia excess
created in the rumen. A better comprehension of this
mechanism and an accurate idea of its limitations may
be useful in ruminant nutrition in order to minimize
N excretion in the environment and maximize N reten-
tion by animals.
Implications
The introduction of an imbalance of 12 or 24 h be-
tween energy and nitrogen supplies for ruminal mi-
crobes by altering the feeding pattern of the same diet
did not influence microbial protein synthesis nor the
nitrogen retention of the animal in a negative manner.
Nitrogen recycling in the rumen plays a major role in
regulating the amount of nitrogen ruminally available
for the microorganisms and allows for a continuous
synchronization of nitrogen and energy-yielding sub-
strates. Therefore, a lack of synchronization in the diet
between the energy and the nitrogen supplies for the
ruminal microbes should not be prejudicial for their
growth or for the animal, as long as the nutrient supply
is balanced on a 48-h basis. Thus, these dietary feeding
patterns may be used under practical feeding conditions
with minimal effect on the performance of ruminant
animals.
Literature Cited
AOAC. 1990. Official Methods of Analysis. 15th ed. Assoc. Offic. Anal.
Chem., Arlington, VA.
Beckers, Y., A. The´wis, C. Sohy, and E. Franc˛ois. 1995. Measurements
of microbial N flow to the duodenum and urinary excretion of
purine derivatives in bulls. Ann. Zootech. 44(Suppl.):177.
Casper, D. P., H. A. Maiga, M. J. Brouk, and D. J. Schingoethe.
1999. Synchronization of carbohydrate and protein sources on
fermentation and passage rates in dairy cows. J. Dairy Sci.
82:1779–1790.
CVB. 2000. Veevoedertabel. Centraal Veevoederbureau, Lelystad,
The Netherlands.
Czerwaski, J. M. 1986. An Introduction to Rumen Studies. Pergam-
mon Press, Oxford, U.K.
Dagnelie, P. 1986. The´ories et Me´thodes Statistiques. Vol 2. Presses
Agronomiques de Gembloux, Belgium.
Dawson, J. M. 1999. Variation in nutrient supply and effects on whole
body anabolism. Pages 101-126 in Proc. VIIIth Int. Symp. on
Protein Metab. and Nutr. G. E. Lobley, A. White, J. C. MacRae,
ed. EAAP Publications, Wageningen, The Netherlands.
De Campeneere, S. 2000. Energy and protein standards for finishing
Belgian Blue double-muscled bulls. Ph.D. Diss., Faculteit land-
bouwkundige en toegepaste biologishe wetenschappen, Ghent
Univ., Ghent, Belgium.
Dehareng, D., and B. B. Ndibualonji. 1994. Naissance et destine´e
de l’ammoniaque ruminale: Revue. 2. Absorption et destine´e
ulte´rieure. Empoisonnement a` l’ammoniaque. Ann. Me´d. Ve´t.
138:387–398.
Dewhurst, R. J., D. R. Davies, and R. J. Merry. 2000. Microbial protein
supply from the rumen. Anim. Feed Sci. Technol. 85:1–21.
Fiems, L. O., B. G. Cottyn, Ch. V. Boucque´, D. F. Bogaerts, C. Van
Eenaeme, and J. M. Vanacker. 1997. Effect of beef type, body
weight and dietary protein content on voluntary feed intake,
digestibility, blood and urine metabolites and nitrogen retention.
J. Anim. Physiol. A. Anim. Nutr. 77:1–9.
Franc˛ois, E., N. Thill, and A. The´wis. 1978. Me´thode rapide de dosage
de l’oxyde de chrome dans les aliments, les fe`ces et les contenus
 at Fac Univ Des Sciences Agronomiq on July 17, 2009. jas.fass.orgDownloaded from 
Energy-nitrogen synchronization in the rumen 1825
digestifs par titrage apre`s oxydation nitroperchlorique. Ann.
Zootech. 27:355–361.
Froidmont, E., Y. Beckers, and A. The´wis. 2000. Determination of
the methionine requirement of growing double-muscled Belgian
Blue bulls with a three-step method. J. Anim. Sci. 82:233–241.
Gustafsson, A. H., and D. L. Palmquist. 1993. Diurnal variation of
rumen ammonia, serum urea and milk urea in dairy cows at
high and low yields. J. Dairy Sci. 76:475–484.
Henning, P. H., D. G. Steyn, and H. H. Meissner. 1993. Effect of
synchronization of energy and nitrogen supply on ruminal char-
acteristics and microbial growth. J. Anim. Sci. 71:2516–2528.
Hornick, J. L., C. Van Eenaeme, A. Clinquart, M. Diez, and L. Istasse.
1998. Different periods of feed restriction before compensatory
growth in Belgian Blue bulls: I. Animal performance, nitrogen
balance, meat characteristics, and fat composition. J. Anim. Sci.
76:249–259.
Huntington, G. B., and S. L. Archibeque. 2000. Practical aspects of
urea and ammonia metabolism in ruminants. Proc. Am. Soc.
Anim. Sci. 1999. Available: http://www.asas.org/jas/symposia/
proceedings/0939.pdf. Accessed Dec. 15, 2000.
Kim, K. H., J. J. Choung, and D. G. Chamberlain. 1999a. Effect of
varying the degree of synchrony of energy and nitrogen release
in the rumen on the synthesis of microbial protein in lactating
dairy cows consuming a diet of grass silage and a cereal-based
concentrate. J. Sci. Food Agric. 79:1441–1447.
Kim, K. H., Y. G. Oh, J. J. Choung, and D. G. Chamberlain. 1999b.
Effects of varying degrees of synchrony of energy and nitrogen
release in the rumen on the synthesis of microbial protein in
cattle consuming grass silage. J. Sci. Food Agric. 79:833–838.
Ludden, P. A., T. L. Wechter, and B. W. Hess. 2002. Effects of oscillat-
ing dietary protein on ruminal fermentation and site and extent
of nutrient digestion in sheep. J. Anim. Sci. 80:3336–3346.
Kim, E. J., D. S. Parker, and N. D. Scollan. 2001. Fishmeal supplemen-
tation of steers fed on grass silage: Effects on rumen function,
nutrient flow to and disappearance from the small intestine.
Anim. Res. 50:337–348.
Makkar, H. P. S., and K. Becker. 1999. Technical report: Purine
quantification in digesta from ruminants by spectrometric and
HPLC methods. J. Nutr. 81:107–112.
Milton, C. T., R. T. Brandt, Jr., and E. C. Titgemeyer. 1997. Urea
in dry-rolled corn diets: Finishing steer performance, nutrient
digestion and microbial protein production. J. Anim. Sci.
75:1415–1424.
Newbold, J. R., and S. R. Rust. 1992. Effect of asynchronous nitrogen
and energy supply on growth of ruminal bacteria in batch cul-
ture. J. Anim. Sci. 70:538–546.
Obispo, N. E., and B. A. Dehority. 1999. Feasibility of using total
purines as a marker for ruminal bacteria. J. Anim. Sci.
77:3084–3095.
Poncet, C., and D. Re´mond. 2002. Rumen digestion and intestinal
nutrient flows in sheep consuming pea seeds: The effect of extru-
sion or chesnut tannin addition. Anim. Res. 51:201–216.
Richardson, J. M., R. G. Wilkinson, and L. A. Sinclair. 2003. Syn-
chrony of nutrient supply to the rumen and dietary energy source
and their effects on the growth and metabolism of lambs. J.
Anim. Sci. 81:1332–1347.
Satter, L. D., and L. L. Slyter. 1974. Effect of ammonia concentration
on rumen microbial protein production in vitro. Br. J. Nutr.
32:199–208.
Sauvant, D., and J. van Milgen. 1995. Dynamic aspects of carbohy-
drate and protein breakdown and the associated microbial mat-
ter synthesis. Pages 71-91 in Proc. 8th Int. Symp. Rumin. Phys-
iol. W. V. Engelhardt, S. Leonhard-Marek, G. Breves, and D.
Giesecke, ed. Ferdinand Enke Verlag, Stuttgart, Germany.
Tamminga, S., W. N. Van Straalen, A. P. J. Subnel, R. G. M. Meijer,
A. Steg, C. J. G. Wener, and M. C. Block. 1994. The Dutch protein
evaluation system: The DVE/OEB system. Livest. Prod. Sci.
40:139–155.
Van Es, A. J. H., and Y. Van der Honing. 1977. Het nieuwe energet-
ische voederwaarderingssyteem voor herkauwers: Wijze van
afleiding en uiteindelijk voorstel. Report IVVO. 92:1–48.
Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods
for dietary fiber, neutral-detergent fiber and non-starch polysac-
charides in relation to animal nutrition. J. Dairy Sci.
74:3583–3597.
Veenhuizen, J. J., A. D. Mc Gilliard, and J. W. Young. 1984. Apparatus
for total collection of urine from steers. J. Dairy Sci. 67:1865–
1867.
Witt, M. W., L. A. Sinclair, R. G. Wilkinson, and P. J. Buttery. 1999a.
The effects of synchronizing the rate of dietary energy and nitro-
gen supply to the rumen on the production and metabolism of
sheep: Food characterization and growth and metabolism of ewe
lambs given food ad libitum. Anim. Sci. 69:223–235.
Witt, M. W., L. A. Sinclair, R. G. Wilkinson, and P. J. Buttery. 1999b.
The effects of synchronizing the rate of dietary energy and nitro-
gen supply to the rumen on the metabolism and growth of ram
lambs given food at a restricted level. Anim. Sci. 69:627–636.
Zinn, R. A., and F. N. Owens. 1986. A rapid procedure for purine
measurement and its use for estimating net ruminal protein
synthesis. Can. J. Anim. Sci. 66:157–166.
 at Fac Univ Des Sciences Agronomiq on July 17, 2009. jas.fass.orgDownloaded from 
 References
 http://jas.fass.org/cgi/content/full/82/6/1818#BIBL
This article cites 26 articles, 11 of which you can access for free at: 
 Citations
 http://jas.fass.org/cgi/content/full/82/6/1818#otherarticles
This article has been cited by 5 HighWire-hosted articles: 
 at Fac Univ Des Sciences Agronomiq on July 17, 2009. jas.fass.orgDownloaded from 
